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Abstract 
 
The study investigated the test-reliability and cognitive functioning stability (argued to be separate concepts) of 
the School-Years Screening Test for the Evaluation of Mental Status for 5 to 8 year old children (n = 135) 
utilising two different models.  The models developed by Heise and Wiley and Wiley are introduced to the field of 
psychological research and test development.  Age and total testing time were considered within these models.  
Test-reliability was high and cognitive functioning was found to be stable between initial and subsequent testing 
sessions.   
 
A number of researchers, Baltes, Reese and Nesselroade (1977), Bjorklund (2000), Heise (1969; 
1970), Nesselroade, Pruchno and Jacobs (1986), Spencer, Bornholt and Ouvrier (2003), Wiley and 
Wiley (1970) and Wu, Hart Draper and Olsen (2001) have conceptually considered that test-reliability 
and phenomenon stability are separate concepts.  Test-reliability relates to the psychometric 
properties of a test whereas stability relates to the phenomenon being measured by an instrument 
(Nesselroade et al., 1986).  The past researchers have used a variety of methods to show that these 
two concepts are able to be measured separately, from structural equation modelling with two test 
forms (Nesselroade, Pruchno & Jacobs, 1986) to particular formulas for single test forms (Heise, 
1969;1970; Spencer, et al., 2003; Wiley & Wiley, 1970).   
     Heise (1969) developed separate formulas for estimating reliability and stability of a single test form 
based on correlation coefficients.  He utilized test data gathered at three points in time (A, B & C) and 
maintained that the reliability formula (see formula 1 below) produces a result that is an estimate of 
true reliability and that the three stability formulas (see formulas 2, 3, & 4 below) measure the amount 
of change in the phenomenon being measured within the re-test interval.  Heise (1969) argued that 
these formulas provide an account of measurement error and that they are more accurate than 
utilizing just the test-retest correlation coefficient. 
 
    
rxx = rABrBC/rAC        1 
 
sAB = rAC/rBC            2 
 
sBC = rAC/rAB            3 
 
sAC = rAC2/rAB rBC      4 
 
Heise (1969, p. 97) 
rAB = Correlation coefficient between Time A and Time B 
rBC = Correlation coefficient between Time B and Time C 
rAC = Correlation coefficient between Time A and Time C 
      
 
Heise argues that reliability is constant over time, whereas Wiley and Wiley content that it actually 
varies over time.  They subsequently developed three formulas for estimating reliability over three 
points in time (see formulas 5, 6 & 7).  Their formulas were based on calculations of variance and 
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covariance and an assumption of homogeneous variance error, rather than the use of correlation 
coefficients.  Wiley and Wiley (1970) also developed three stability formulas based on these 
assumptions (see formulas 8, 9 & 10 below).  They argued that the stability formulas were appropriate 
because they did not underestimate stability, as did Heise’s (1969) formulas.   
 
rA = V(θ1)/[V(θ1) + V(ε)]                                                 5 
rB = [α221V(θ1)+V(θ2)]/[α221 V(θ1) +V(θ2) +V(ε)]           6 
rC = {α232[α221V(θ1)+V(θ2)+V(θ3)]}/{α232[α221V(θ1)    
+V(θ2)]+V(θ3)+V(ε)}                                               7 
 
sAB = α21[√ V(θ1) /√ α221V(θ1)+V(θ2)]                              8 
sBC = α32  [√α221V(θ1)+V(θ2)/√α232 (α221V(θ1) +V(θ2))    
+V(θ3)]                                                                      9   
sAC = α21α32 [√ V(θ1)/√ α232(α221V(θ1)+V(θ2)) +V(θ3)]  10 
 
α32 = Ĉ(x1x3)/Ĉ(x1x2) 
V(ε) (variance error) = V(x2) –[Ĉ(x2x3)/α32] 
V(θ1) = V(x1) – V(ε) 
α21 = Ĉ(x1x2)/V(θ1) 
V(θ2) = V(x2)-[α21Ĉ(x1x2) + V(ε)] 
V(θ3) = V(x3) – [α32C(x2x3)+V(ε)] 
 
Ĉ(x1x2) = covariance A & B 
Ĉ(x2x3) = covariance B & C 
Ĉ(x1x3) = covariance A & C 
V(x1)  = variance test A 
V(x2)   = variance test B 
V(x3)  = variance test C 
Wiley and Wiley (1970), pp. 114 – 115 
     
In an analysis of the models proposed by Heise (1969) and Wiley & Wiley (1970), Valera (1991) found 
that the two models produced similar reliability and stability results.  He argued that the main 
difference between the models was their assumptions.   Spencer et al. (2003) agreed with Heise’s 
(1970) comments that the Wiley and Wiley (1970) model was only useful in longitudinal studies.  
Spencer et al. also argued that since the results of the two models found in Valera’s (1991) 
calculations were very similar either model would be appropriate to use.  They preferred Heise’s 
formula because it was based on and extended the traditional correlation coefficient.   This argument 
is challenged in the current paper with an application of both Heise and the Wileys models to illustrate 
the two approaches. 
     The aim of the current study is to demonstrate how the test reliability and phenomenon stability of a 
single test form can be measured separately.  The phenomenon measured will be children’s cognitive 
functioning, which is “considered to be the process of mental activities, which relates to cognition 
[thinking] that is in action at the time processing takes place” (Spencer et al., 2003, p 3).  The models 
developed by Heise (1969) and Wiley and Wiley (1970) will be illustrated to determine the most 
suitable.  Age by testing time intervals will be considered within these models.  Another aim of the 
current research to make these two methods known in psychological research and in test 
development, as they are not generally known in these fields (Valera, 1991). 
 
Method 
 
Research Design 
 
The design of the study incorporated two re-testing intervals.  Following initial testing (Test A) children 
were retested at the first interval (Test B) after either two, four or twelve weeks, these groupings were 
established prior to testing.  All children were retested at the second interval (Test C) after four weeks, 
suggested by Anastasi and Urbina (1997) as an ideal testing period for children. 
Thus, the overall length of time children were involved in the study varied from either 8, 12 or 16 
weeks. 
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Research Sample 
 
An initial sample of children (N = 399) were from a project at the Children’s Hospital at Westmead 
(see, Ouvrier, Hendy, Bornholt and Black, 1999).  A selected sample of students (N = 135), between 
the ages of 5 to 8 years, from the CHW sample were involved in the current study. Equivalent 
numbers of boys and girls were included in the sample.  There were at least 10 children in each Test 
B group (2, 4 and 12 weeks) by each age group (5,6,7 & 8), see Table 1. 
 
Table 1: Number of children in the research sample by age and re-testing interval 
 
Age Sample 
Size 
2 weeks 4 weeks 12 weeks 
5 30 10 10 10 
6 34 11 13 10 
7 35 11 13 11 
8 36 13 12 11 
Total 135 46 48 42 
 
Procedures 
 
Once permission was obtained, from appropriate organisations and people, children were involved in 
testing sessions on a one-to-one interview basis.  Testing took place at their school in a separate 
room.  No feedback was given on performance.   
 
Materials 
 
The School-Years Screening Test for the Evaluation of Mental Status (Ouvrier, Hendy, Bornholt 
and Black, 2000) 
The test is a 46 dichotomous-item screening test of children’s cognitive functioning. The items of the 
test incorporate the use of general thinking skills and the retrieval of stored information as well as 
cognitive manipulation (Ouvrier, et al., 2000). The test is administered verbally with a number of items 
requiring a written answer.  Psychometric properties of the test were found to be excellent (see, 
Ouvrier, et al., 1999; 2000).  
The test has high concurrent validity with use in school and clinical children (Ouvrier, et al., 1999).  
Inter-rater reliability was found to be high and the test was found not bias by gender or socioeconomic 
status (see Ouvrier et al., 1999). 
 
Results 
 
Using Heise’s (1969) (Model 1) and Wiley and Wiley’s (1970) (Model 2) formulas the reliability and 
stabilities were determined for the test results.  Table 1 shows that with rounding there does not 
appear to be much of a difference in reliability between the two models.  Model 2 indicates slightly 
higher levels of cognitive functioning stability than Model 1.   
     Table 2 reports the reliability and stability results of Model 1 and Model 2 for various groups.  The 
screening test reliability was found to be high in both models.  Model 2 identified that the reliability was 
not at an appropriate level (r < .50) for 7 and 8 year olds tested at intervals of 4 weeks and 7 year olds 
tested over 16 weeks.  The reliability for 6 year olds calculated with Model 2 shows that from Test A to 
Test B the reliability (rAB = .891) is lower than the reliability calculated from Model 1 (rxx = .905).  For 7 
year olds all three of the Model 2 reliabilities are lower than the reliability in Model 1.   Finally, for 8 
year olds one of the reliabilities in Model 2 (rAB = .810) is higher than the Model 1 reliability (rxx = .752).  
When investigating each age by testing interval, Model 2 showed that 7 year olds tested at the 4 week 
interval showed very low reliability, but an acceptable level was found for Model 1, see Table 2.  Of 
note is that Model 2 enabled the identification of high variance error for 7 year olds in the four week 
interval group, which Model 1 was unable to identify.  High error variance was also found for 5 year 
olds in the two week interval group.   
     A lower stability score indicates more change in cognitive functioning over time.  The most notable 
difference between the stability results for Model 1 and Model 2 was that for Model 1 the stabilities 
changed more over the total testing period (A to C) than over shorter intervals (A to B) for all age 
groups.  Model 2 showed that cognitive functioning was relatively stable across all intervals for all age 
groups (see Table 2).  
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Discussion 
 
The current research has provided applied evidence that test-reliability and phenomenon stability are 
separate concepts and can be measured as such.  Differing results were found for the reliability and 
stability estimates.  This is in accordance with past research by Baltes, et al. (1977), Bjorklund (2000), 
Heise (1969; 1970), Nesselroade et al. (1986), Spencer, et al. (2003), Wiley and Wiley (1970) and Wu 
et al. (2001).  
 
Table 2: Reliability and stability results for the models of Heise and Wiley & Wiley  
 
 
Model 1 (Heise) Model 2 (Wiley & Wiley) 
Reliabilities rXX 0.956 rAB 0.951 
 
  rBC 0.947 
 
  rAC 0.949 
Stabilities sAB 0.988 sAB 1.000 
 sBC 0.987 sBC 0.992 
 sAC 0.870 sAC 0.992 
 
Table 3: Reliability and stability for Model 1 (Heise) and Model 2 (Wiley & Wiley) by age and combined 
age plus interval times 
 
 Model 1 (Heise) Model 2 (Wiley & Wiley) 
Groups rXX sAB sBC sAC  rAB rBC rAC sAB sBC sAC 
5 year olds 0.856 0.963 0.947 0.598 
 
0.833 0.855 0.888 0.977 0.919 0.897 
6 year olds 0.905 0.973 1.014 0.829 
 
0.891 0.905 0.924 0.980 1.004 0.984 
7 year olds 0.898 0.989 0.947 0.677 
 
0.724 0.683 0.584 1.035 1.162 1.202 
8 year olds 0.752 0.963 1.000 0.544 
 
0.810 0.751 0.763 0.928 0.991 0.920 
5 yo, B2 * 0.744 1.200 1.007 0.678 
 
0.673 0.744 0.763 1.263 0.993 1.254 
5 yo, B4 0.921 0.841 1.028 0.775 
 
0.906 0.922 0.960 0.847 1.015 0.860 
5 yo, B12 1.210 0.542 0.747 0.330 
 
1.154 1.209 1.170 0.555 0.816 0.452 
6 yo, B2 0.874 0.902 1.084 0.876 
 
0.873 0.874 0.921 0.903 1.111 1.003 
6 yo, B4 0.815 1.001 1.012 0.690 
 
0.643 0.814 0.645 1.128 1.067 1.204 
6 yo, B12 0.983 0.969 0.973 0.861 
 
0.983 0.983 0.988 0.969 0.961 0.931 
7 yo, B2 0.914 1.033 0.963 0.770 
 
0.906 0.916 0.896 1.037 0.979 1.015 
7 yo, B4 * 0.890 1.034 0.990 0.795 
 
0.559 0.494 0.311 1.137 1.955 1.085 
7 yo, B12 0.812 1.048 0.921 0.540 
 
0.784 0.667 0.492 1.067 1.113 1.187 
8 yo, B2 0.854 1.036 1.032 0.830 
 
0.934 0.882 0.886 0.975 0.926 0.903 
8 yo, B4 0.456 1.024 0.994 0.209 
 
0.179 0.455 0.314 1.631 1.151 1.878 
8 yo, B12 0.790 0.872 1.061 0.650 
 
0.720 0.790 0.812 0.915 1.060 0.970 
* = error variance > 10.0 
 
     In agreement with Valera (1991), one difference found between the approaches of Heise (1969) 
and Wiley and Wiley (1970) was their assumptions.  Another point of difference was the basis of 
formula calculations, for example Heise utilized correlation coefficients whereas the Wileys utilized 
variance and covariance measures.  Overall the reliability results did not show much of a difference 
between the two models.  Although, the Wiley’s model provided an account for changes in reliability 
over time. This model also enabled the specific identification of age and time intervals that may not be 
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appropriate to use when re-testing children’s cognitive functioning.  For example it appeared that the 
best interval for the retesting of 5 year olds was after four weeks.  It appeared unsuitable to test 7 and 
8 year olds at the four week interval or 7 year olds over a total of 16 weeks, as low reliability levels 
were found for these groups. 
     It was found that Wiley and Wiley (1970) are correct in stating that Heise’s (1969) model 
underestimated stability.  Heise’s model showed more change in cognitive functioning within the total 
testing time, whereas the Wiley’s model did not identify as much change.  Heise’s (1969) formulas do 
provide measures that are more accurate than correlation coefficients on their own, but it appears that 
the Wileys’ (1970) formulas do not underestimate stability. 
      The current paper introduces the models of Heise and the Wileys, for separately measuring 
reliability and stability, to the field of psychology and in particular to test development.  The author 
encourages test developers to consider the separation of test reliability and phenomenon stability.   
Future researchers may be interested in considering the calculation of phenomenon stability in areas 
other than cognitive functioning.   
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